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METHOD AND PLANT FOR COOLING FLUIDS BY DIRECT CONTACT WITH 
LIQUEFIED GASES 

The present invention relates to a method and plant for cooling a 
fluid in accordance with the introduction to the corresponding independent 
claims. 

The invention provides a method and plant for cooling fluids in the 
liquid state, possibly also containing solid elements, by means of a cooling 
fluid consisting of a liquefied gas such as N2, C02, Ar or a mixture 
thereof, the cooling fluid passing into the gaseous or vapour state 
following the heat transfer. 

As is widely known, to cool a liquid, apparatus or plants are usually 
used having surfaces of separation between the cooling fluid and the fluid 
to be cooled. However, this solution necessarily implies a low overall heat 
transfer coefficient and a mechanical action on the fluids due to the friction 
between these and the separation surfaces. This mechanical action limits 
the use of this type of apparatus if this phenomenon can degrade the 
organoleptic characteristics of the fluid to be cooled, such as in the case 
of pressed grape pulp. 

A method for cooling fluids using liquefied gases is already known 
from a previous patent of the same applicant. That patent (IT1313938) 
describes a method for cooling a liquid in a controlled manner using 
liquefied gases as coolants, said liquid possibly also containing solid 
bodies. The method consists of feeding said liquid to be cooled into a 
containing member, also feeding into said member a suitable quantity of 
liquefied gas such that this latter comes into direct contact with said liquid, 



this contact leading to the transformation of the liquefied gas into a 
gaseous phase and to the cooling of the liquid, said gas or vapour and 
said cooled liquid then being extracted from the containing member. 

In this prior patent a conduit is provided to transfer the cooled fluid 
and the gas or vapour, generated during heat transfer by the apparatus in 
which the heat transfer takes place, to the apparatus in which the two 
fluids are separated, this conduit being traversed by the fluids at high 
velocity so that both the cooled liquid, or two-phase solid-liquid mixture, 
and the cooling fluid in the gas or vapour state are transferred 
simultaneously. 

If the characteristics of the liquid to be cooled are such as to enable 
it, any contained solid parts may undergo damage within this conduit 
because of their high velocity, a non-limiting example being damage to the 
grapes in the case of pressed grape pulp. 

An object of the present invention is to provide a method and plant 
for cooling a liquid, possibly also containing solid elements, which 
represent an improvement over similar known methods and plants. 

Anotherobject is to provide a plant which uses compact apparatus 
and simplified operative modalities compared with similar known plants. 

These and further objects which will be apparent to the expert of 
the art are attained by a method and plant in accordance with the 
accompanying claims. 

The present invention will be more apparent from the 
accompanying drawing, which is provided by way of non-limiting example, 
and in which: 

Figure 1 is a schematic view of a plant according to the invention; 
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Figure 2 shows a liquefied gas injector of the plant of Figure 1 ; 

Figures 3, 4 and 5 show three variants of the feed line for the 
liquefied cooling gas and the gas or vapour used in the plant of Figure 1 . 

With reference to the said figures, a line 1 is shown comprising a 
pump 2 drawing a liquid to be cooled (contained in its own tank or present 
in a transfer line, not shown). From the pump there extends a pipe 3 
provided with a valve 3a through which the liquid to be cooled is fed to a 
containing and heat transfer member (or cooler) 4 where it comes into 
direct contact with a liquefied gas taken from its own storage tank 5 via 
one or more lines 6 (of which only one is shown in the figures) provided 
with a three-way valve 8 and injector 7 which feeds the liquefied gas into 
the cooler 4. The injector 7, shown in Figure 2, is sized to enable definite 
quantities of liquefied gas to pass through a sized hole 7a after the 
liquefied gas, originating from the pipe 6, has passed through the portion 
7c. 

In Figure 2 the reference numeral 7b indicates a known movable 
system (for example a ring nut) for connection to the remaining pipe 6 or 
to the valve 8. 

If the pressure in the tank 5 is insufficient for injecting the liquefied 
gas into the cooler 4, a pump with suitable characteristics for supplying the 
necessary pressure is connected into the line 6, said pump not being 
shown in the figures. 

By way of example, the cooling fluid is a liquefied gas such as N2, 
C02 or Ar. 

A gas or vapour pipe 9 provided with a valve 10 is connected to the 
valve 8, of known three-way type, the gas or vapour being injected, by the 
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injector 7, into the cooler 4 instead of the liquefied gas when the valve 8 
shuts off liquefied gas passage along the pipe 6. 

Gas or vapour is fed in the aforedecribed manner to prevent the 
injector 7 filling with cooling liquid along the portion 7c when liquefied gas 
feed via the injector is not required, with the risk that on again connecting 
the injector 7 associated with the line 6, contact takes place between the 
liquefied gas and the liquid to be cooled, with possible freezing of this 
latter because of the low temperature attained, and consequent 
obstruction of the injector 7, so preventing its correct operation. 

Figures 3 and 4 show two alternative solutions for injecting gas or 
vapour into the injector 7 when this latter is not traversed by the liquefied 
gas. 

Specifically, in the solution shown in Figure 3 the three-way valve is 
replaced by two one-way valves, one connected into the pipe 6 and one 
into the pipe 9; with this solution, when liquefied gas is to be injected the 
valve 8a is opened and the valve 10 is closed and, vice versa, when gas is 
to be injected the valve 10 is closed and the valve 8a is opened. 

The solution shown in Figure 4 is usable when the pressure of the 
gas or vapour present in the pipe 9 is less than that of the liquefied gas 
present in the pipe 6 and greater than that present in the cooler 4, and 
consists of replacing the valve 10, shown in Figures 1 and 3, with a 
unidirectional non-return valve 10a which allows gas or vapour to pass 
when the valve 8 is closed. 

From the aforestated it follows that the injector 7 is always 
traversed by a liquefied gas or by a gas or vapour, so preventing the 
presence in the portion 7c of liquid to be cooled. 
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Figure 5 shows a solution which does not use the injector 7 with the 
sized hole 7a, but uses only a control valve 8b to dispense the liquefied 
gas. 

In the cooler 4 the direct contact between liquefied gas and the 
liquid to be cooled takes place at higher than atmospheric pressure. 
Known components are installed in the cooler to measure the process 
parameters such as one or more temperature indicators 13, level 
indicators 12 and pressure indicators 11. 

A discharge pipe 18 with relative valve 19 is installed in the top of 
the cooler 4 to evacuate the gas or vapour generated by the liquefied gas 
which is developed within the cooler 4 as a result of heat transfer. By 
suitably regulating the opening of the valve 19, the pressure within the 
container member 4 can be regulated, as will be described, this pressure 
being used to push the cooled liquid out of the container member 4 via the 
line 14. 

A part of the gas or vapour developed within the cooler 4 can be 
withdrawn from the pipe 18 by a pipe 22, this gas or vapour part being fed, 
using a powering fluid originating from the line 24 (connected to a suitable 
tank or to a distributor line thereof) provided with a valve 25, and aided by 
a known injector 23, into the bottom of the cooler 4 to adequately mix the 
liquid to be cooled and the liquefied gas present therein. For example, the 
injector 23 is an expansion-compression conduit known as a Venturi tube, 
but can be any other machine which draws in and compresses the vapour 
drawn from the cooler 4 using electromechanical energy without the aid of 
a powering fluid. 
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The cooled fluid discharge pipe 14 is positioned in the bottom of the 
cooler and is provided with a valve 15 and a pipe 16 for feeding fluidifying 
gas or vapour with relative valve 17. The purpose of this fluidifying gas or 
vapour feed is to mix the liquid present in the pipe 14 even when the liquid 
remains stationary therein and does not flow. 

This expedient means that because of this mixing action, when the 
flow of cooled liquid is to continue, the friction which the pressure in the 
cooler 4 has to overcome is of dynamic instead of static type, it being well 
known that dynamic friction is less than static friction so that the pressure 
required to reactivate the flow is less in this case than without mixing the 
liquid, the initial flow reactivation rate consequently being less than without 
fluidification, so more slowly modifying the operating conditions and hence 
limiting the system oscillations about hydrodynamic equilibrium. 

In the bottom of the cooler 4 there is also installed a pipe 20 with 
relative valve 21 for possible addition of gas or vapour for the purpose of 
adequately mixing together the liquid to be cooled and the cooling gas, 
within the cooler. 

To control the cooling process, the invention comprises a control 
unit (not shown, comprising for example an electronic processor and/or a 
programmable unit or PC) and other known electromechanical 
components, the purpose of which is to position the plant components 
(such as the valves 8, 10, 15, 17, 19, 21 , 25 and the pump 2) as required 
for proper operation of the plant and in accordance with the logic 
described hereinafter. 

The said control unit (not shown) receives the values of the 
measured parameters such as temperatures from the indicator 13, the 
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level from the indicator 12, and the pressure from the indicator 11, and 
processes the determined values in accordance with known algorithms 
with which the system is provided. The result of processing the said 
algorithms is the definition of the state (such as valve positions, i.e. 
open/closed/partially open etc.) of the said components during operation, 
this state being achieved by the system with the aid of known controlled 
electropneumatic components connected to the movable parts of the plant 
(for example valves). 

A possible method of operating the invention will now be described 
by way of non-limiting illustration. 

The liquid to be cooled is forced through the plant 3 and into the 
cooler 4 where its level is determined by the indicator 12 and its 
temperature by the probe 13. The level indicator 12 is linked by 
algorithmic correlation to a valve 19 connected into the pipe 18, this 
algorithmic correlation associating a determined degree of opening of the 
valve 19 with the level of the fluid present in the cooler 4, determined by 
the indicator 12. Specifically, various correlation algorithms can be used 
but all have the following characteristics: 

- lesser opening of the valve 19 corresponds to greater level, 

- total closure of the valve 19 corresponds to a level chosen as the 
maximum allowable for operation. 

The temperature indicator 13 continuously determines the 
temperature of the mixture of fluids, i.e. the liquid to be cooled, the 
liquefied gas and liquefied gas vapour, present in the cooler 4 and if this is 
greater than the required set value, the control unit feeds liquefied gas into 
the cooler 4 via one or more lines 6 connected to one or more injectors 7. 
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Those injectors 7 which at a given time are not traversed by 
liquefied gas are traversed instead by gas or vapour via the pipes 9 
connected to the injectors by correctly positioning the three-way valve and 
opening the valve 10; alternatively, if the three-way valve 3 is not present 
but instead one of the expedients indicated in Figures 3 and 4 is provided, 
these connections are made by closing the valve 8a and opening the 
valve 10 if the expedient adopted is that indicated in Figure 3, or by 
closing only the valve 8a if the expedient adopted is that of Figure 4. 

At the commencement of the cooling process, the liquid to be 
cooled, forced into the cooler 4 by the pump 2, begins to fill the cooler, 
and when its level reaches a minimum threshold, definable at any 
particular time by the control unit, this latter opens the valve 15 and 
possibly the valve 17 connected into the pipe 16, to enable the cooled 
liquid contained in 4, if the internal pressure allows it, to emerge for 
feeding to the required destination. 

The valve 17 is opened mainly when the cooled liquid has a high 
viscosity, hence presenting a considerable resistance to movement and 
therefore requiring a high pressure within the cooler 4. 

As the feed of liquid to be cooled continues, its level within the 
cooler 4 continues to increase. By virtue of the correlation between the 
level and the degree of opening of the valve 19 and consequently of the 
pressure drop that this generates in the vapour leaving the pipe 18, at a 
certain point a pressure is attained in the cooler which is sufficient to 
overcome the pressure drop through the transfer line 14. On attaining this 
pressure, the cooled liquid begins to leave the cooler through the pipe 14. 
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For a better understanding of the aforestated, it should be noted 
that the said sufficient pressure is attained because if cooled liquid is not 
emerging or emerging at a lower rate than the entry rate, the fluid level 
within the cooler increases, then by virtue of the algorithmic correlation 
between the measured level and the opening of the valve 19 connected 
into the discharge pipe 18 for the gas or vapour generated by heat 
transfer between the liquefied gas and the liquid to be cooled, the valve 19 
tends to close, to offer a resistance to gas or vapour exit and hence 
generate within the cooler 4 a pressure necessary and sufficient to eject 
the cooled liquid. 

The pressure stabilizes at a value such as to enable an exit flow 
rate of cooled liquid to be achieved equal to the entry flow rate, this 
signifying a constant level and hence, if in the meantime there have been 
no variations in the flow of gas or vapour generated by the refrigerant fluid 
to be disposed of, a constant degree of opening of the valve 19, so 
attaining a hydrodynamic equilibrium situation within the cooler. 

The value of the parameters involved in the hydrodynamic 
equilibrium position, such as internal pressure and fluid level and/or 
opening of the valve 19, can vary with time depending on the 
hydrodynamic characteristics of the fluids concerned, the liquefied gas 
and the liquid to be cooled, their flow rates and the pressure drops which 
the cooled liquid has to overcome to reach its next destination, 
downstream of the pipe 14. 

The invention, structured in this manner, operates continuously by 
injecting that quantity of liquefied gas necessary and sufficient for the 
required cooling of the liquid transiting through the cooler 4. 
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If the liquid to be cooled has a viscosity and/or density such that its 
mixing by the gas or vapour developed by the liquefied gas and passing 
through the fluid mass contained in the cooler 4 is insufficient for uniform 
cooling, the required mixing can be achieved by feeding into it a quantity 
of gas or vapour sufficient for the purpose via the pipe 20 and valve 21 . 

Another way of achieving sufficient mixing, while limiting the gas or 
vapour quantity to be added, is to use the pipes 22, 24, 26, the injector 23 
and the valve 25 in the following manner. 

By opening the valve 25 to a defined extent, a determined quantity 
of gas or liquid enters the injector 23 via the line 24, to act as a powering 
fluid which, by creating a vacuum in the pipe 22, draws the gas or vapour 
from the line 18 and mixes it with the powering gas or vapour which, via 
the pipe 26 is fed to the bottom of the cooler 4 to hence achieve an 
adequate degree of mixing. 

On termination of the cooling process, the cooler can be emptied of 
its contents by simply not feeding the liquid to be closed, closing the valve 
3a and the valve 19 and feeding gas, vapour or liquefied gas into the 
cooler until this produces a pressure sufficient to expel all the cooled liquid 
contained in the cooler. 



